The Inversion question:

What's wrong with the Zonotrichia albicollis genome?

UMEMm Kak MUHUMYM 00OHY UHB8epMUPOBAHHYH XPOMOCOMY.

associated with an inverted region of the second chromosome.

The White-throated Sparrow (Zonotrichia albicollis) is one of the best studied bird species in North
America, attracting the attention of researchers due to its unique plumage color polymorphism. This
species has two morphs, tan and white, the differences between which affect not only appearance but
also behavioral strategies, including mate choice. The genetic basis for this dimorphism is most likely

Intro

bernozoprbit eopobeu, Zonotrichia albicollis — o0uH u3 Hauborsnee uly4eHHbIx audos nmuy 8 CegepHou
Amepuke. Y amoao sulda cywecmeayrom oge Mopghbl — mEMHas u benasi, pasnudus Mexxoy KomopbiMu
8/1USIFOM Ha OKpacky U rnosedeH4yecKue cmpameauu, eKrrodas eblbop napmyépa. 13eecmHo, 4mo
803HUKHOBEHUE OuMopgbudma obycrioerieHo HarudueM UH8epmupo8aHHO20 y4Yacmeka Ha 8mopou
xpomocome. Ocobu mémHoU Mophbl HE UMEM XPOMOCOMbI C UHBepcuel, moada Kak ocobu beriou

[TpumevyamernbHO, 4YmMo 8 HO8OM 2eHoMe Zonotrichia albicollis, npednonoxumesibHo ros1y4eHHOM 071
beriou Mopbbl, eECMb UHBEPCUS Ha 8MOPOU XpOMOCOME, OOHAKO 2eHbl, MpadulyUOHHO accoyuupo8aHHbIe
C Hel, Haxoosamcs Ha mpembeu. Mbi pewurnu pa3obpamabscs, aerssemcs 1iu 0aHHOe Hecoomeemcemeue
apmegbakmom cbopKuU 2eHoMa, pe3yribmamomMm XPOMOCOMHOU repecmpouKku usu e caudemeriscmeayem
O paHee Heu38eCmMHOM MexaHU3Me 2eHemu4vecKou peaynayuu Mopgbi?

However, a newly assembled genome of a presumably white morph of the White-throated Sparrow
showed that the genes traditionally associated with the second chromosome do not correspond to the
expected sequence. Instead, they mapped to the third chromosome, which raised a number of questions:
IS this discrepancy an artifact of genome assembly, the result of a chromosomal rearrangement, or does it
indicate a previously unknown mechanism of genetic requlation of the morph?
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Fig. 1 Different morphs and ages
of the White-throated Sparrow.

TémHasi Mopgha Tan morph

1. lonnockbl Ha memeHu 1.
Kopu4Hesamo-renesribHbIe U
cMelwaHHble KauwmaHo80-
yepHble, eBMecmo berbix u 2.
YyepHbIx [1];

2. [lamHo Ha 2opre MeHee pe3Ko
oyepyeHo [1];

3. OyeHb ocmpas, memHas
HUXHSASA Kauma 2opna [2];

4. Ha usaube Kpbina nepbs
cmaHoesimcs boriee mycKrbiMU,
yem y bernou mopgpbi [1].

white and black [1];

[1];
throat [2];

than in white morph [1].

Fig. 2 Dark morph individual (our):
brown crown stripes, sharp lower
border of throat, dull wing bend
feathers. Credit Jean Nicolas Audet.

Crown stripes are ash-brown and
mixed chestnut-black, instead of

Throat patch less sharply defined
3. Very sharp, dark lower border of

4. Wing bend feathers become duller
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Fig. 3 Analysis of inversion of second chromosomes of bZonAlb1.hap1
and bZonAlb1.hapZ2.

To determine the coverage of questionable points for each
chromosome:
1. The coordinates of each chromosome at the inversion point
were determined;

2. Aregion of +/- 2 Kb around each point was taken;

3. The original HiFi reads were aligned to each region.
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Fig. 4 WTSP-SWSv1 scaffolds aligned to the first 11 chromosomes
of bZonAlb1.hap1 (identity > 0.6). The third chromosome in the new
assembly is covered with lower identity, while the metric value drops
sharply at the traditionally assumed location of the inversion

identity

To identify the location of the inversion, we looked for
WTSP-SWSv1 scaffolds that would fit into two remote

Inversion

regions of the new assembly. To our surprise, we found

four such scaffolds at once, which suggested a large

repeat, which we found:
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Fig. 6 A putative inversion that occurred between

repeats located at different ends of the chromosome

(nucleotides are added for ease of perception).
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Fig. 7 141 Kb nucleotide repeats locate at
the ends of the NC _133821.1, where the
gene HACE1 and its copy are located.

Fig. 5. WTSP-SWSv1 scaffolds double
mapped to NC_133821.1

Fig. 8 HACE1 encodes the
HECT and ankyrin

repeat-containing E3 ubiquitin

ligase 1 (BH8X). Ankyrin

repeats facilitate cell signaling,

while the HECT domain
enables ubiquitin transfer,

crucial for protein degradation.

The repeats likely regulate
substrate recognition or
protein interactions.[5]
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1. UNHeepmuposaHHas 8 Hogol cbopke smopasi XpoMocoma
(NC_133820.1/CM106192.1) yvacmu4HO nooodep:kusaemcs pudamu,
Xomsi u He serisiemcsi obycriaenusarowet mopgby uHeepcueu;

2. TpaduuyuoHHas emopas xpomocoma (NC 133821.1/CM106193.1)
npemepriesna UH8epPCcUK 1Mo Mecmy KpyrHo20 rnosmopa, 8 Komopom

Xoms benozopribit eopobeu, Zonotrichia albicollis — o0uH u3 Hauboree
u3y4eHHbIx sudos nmuuy 8 CesepHou AmepuKke, y 3moao 8uda 8cé ewé
ecmb YyeM Hac yousums. Mbi, Haripumep, y3Harnu, 4mo:

Conclusions

Although the White-throated Sparrow, Zonotrichia albicollis, is one of the
most studied bird species in North America, this species still has some

surprises to offer. For example, we learned that:

1. The inverted second chromosome in the new assembly
(NC _133820.1/CM106192.1) is partially supported by reads, although it
IS hot a morph-causing inversion;

2. The traditional second chromosome (NC _133821.1/CM106193.1) has
undergone an inversion at the site of a large repeat in which the HECT
gene is located

Fig. 9. Phylogenetic
comparison of the
haplotype of Zonotrichia
albicollis with related
species. We see a
discrepancy between the
inverted chromosome of
our species and related
ones.
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